In two experiments, 64 crossbred ewes that had lambed in September or January and had their lambs removed within 24 h after birth were assigned to four groups and given the following treatments: group 1 (16 ewes)-1 ml saline, im or iv on d 10 postpartum; group 2 (24 ewes)-150/ag/gonadotropin releasing hormone (GnRH) in 1 ml saline, im or iv on d 10 postpartum; group 3 (16 ewes)-150/ag/GnRH in 1 ml saline, im or iv on d 10 postpartum, plus 40 mg fluorogestone acetate (FGA)-impregnated intravaginal sponges for 12 d beginning 22 d postpartum and group 4 (eight ewes)--40 mg FGA-impregnated intravaginal sponges only for 12 d beginning 22 d postpartum. Pregnant mares' serum gonadotropin (500 IU) was injected im into FGA-treated ewes at the time of sponge removal. Blood samples were collected from eight ewes in groups 1 and 2 at regular intervals up to 2 and 6 h, respectively, after treatment and analyzed for luteinizing hormone (LH). Plasma progesterone (P) levels in blood collected once or twice weekly were used to monitor ovarian activity. GnRH induced a release of LH in all ewes monitored, whereas the LH levels remained unchanged in saline-treated ewes. Only 44% of the latter ewes had shown evidence of luteal activity by 50 d postpartum. The mean plasma 1Contribution No. 979 from the Animal Research Centre.
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3 Centre de Recherche en Endocrinoiogie Mole'eulaire, I2 Centre Hospitalier de l'Universite" Laval, Quebec, Quebec, Canada G1V 4G2. P levels in the GnRH-treated ewes did not rise above basal preinjection values during the 14 d after treatment. In contrast, a synchronized ovulation followed by normal luteal activity was induced in 88% of the FGA-sponge-treated ewes. Of 16 ewes from group 2 slaughtered 26 d postpartum, 13 had ovaries that contained luteinized structures and uterine involution was incomplete in six ewes. These results preclude the use of GnRH as a single injection for induction of cyclic ovarian activity in the early postpartum ewe and indicate the need for progestogen treatment to initiate cyclic ovarian activity by 35 d postpartum. However, incomplete uterine involution may limit the number of ewes that can be successfully rebred at this time.
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Introduction
There is a growing interest in, and a rapidly increasing need for improving the efficiency and rate of reproduction in sheep. Because ewes have a mean gestation length of 142 to 147 d, depending on the breed, it is theoretically possible for them to lamb twice yearly, provided they conceive 35 to 40 d postpartum. This implies that, with many breeds of sheep, one of the breedings must occur during a period when the majority of ewes experience postpartum anestrus and during the period of seasonal anestrus. Hunter (1968a,b) has reviewed many of the early studies concerned with the breeding of ewes during the postpartum period. With the successful development of the progestogen-impregnated intravaginal sponge treatment to induce a synchronized estrus in sheep, it is now possible to obtain satisfactory fertility when the treatment is used either to advance the breeding season or during the breeding season (Gordon, 1977; 998 JOURNAL OF ANIMAL SCIENCE, Vol. 54, No. 5, 1982 Thimonier and Cognie, 1977) . However, the degree of success is limited in the early postpartum period and by lactation (Manleon, 1979) . Treatment of seasonal and postpartum anestrous ewes with a single injection of gonadotropin releasing hormone (GnRH) will induce a surge of luteinizing hormone (LH) in all the ewes and ovulation in the majority (Foster and Crighton, 1974; Haresign et al., 1975) . However, the induced LH peak is smaller than that observed at estrus (Foster and Crighton, 1974) , and luteal function, as assessed by systemic plasma progesterone levels, is deficient in most of the treated animals (Crighton et al., 1975; Haresign et al., 1975) .
Although studies have shown that ewes raised and maintained in total confinement under an artificial light regimen can be bred successfully at 8-too intervals (Ainsworth et al., 1977) , there is little information available on the ovarian activity of such ewes during the early postpartum period. The present study examined ovarian function in totally confined ewes, after removal of lambs within 24 h after birth and during the first 50 d postpartum, as well as the ovarian response to a single injection of synthetic GnRH at 10 d postpartum and(or) a 12-d treatment with progestogenimpregnated intravaginal sponges beginning 22 d postpartum.
Materials and Methods

Animals and Management. Mature crossbred
ewes with approximately 50% Finnish Landrace ancestry were assigned to experiments from the Institute breeding flock on the basis of date of lambing. The breeding flock is raised and mainrained in total confinement (Heaney et al., 1980) . Ewes are exposed from birth to a synthetic light regimen which alternates at 4-mo intervals from 18 h to 10 h day length. Ewes are bred initially at approximately 7 mo of age and subsequently at intervals of 8 mo at the end of a low light period. The breeding flock is divided into two equal groups, each group being bred alternately at intervals of 4 mo were assigned to the following treatments:
(1) injection of 1 ml saline on d 10 postpartum (four ewes im and four ewes iv), (2) Sponge-treated ewes were given 500 IU PMSG at the time of sponge removal. Blood Collection and Measurements. Blood samples were collected by jugular puncture into 10 ml vacutainer tubes containing either no additive (for LH determinations) or heparin (for progesterone determinations), and processed for serum or plasma, respectively. In each experiment, blood samples were collected at 15-or 30-min intervals from four ewes in groups 1 and 2 that had been treated im or iv (two per treatment) from 30 min before treatment to 2 h (group 1) or 6 h (group 2) after treatment and analyzed for LH. Serum LH was measured by a double-antibody radioimmunoassay based on that described by Niswender et al. (1969) . Antibodies to ovine LH (oLH-P1 antiserum) developed in rabbits against oLH (NIH-LH-S18) 7 were prepared in our laboratory s. Purified ovine LH (LER-1734-A) 7 was used for radio-iodination. Ovine LH (NIH-LH-S19) ~ was used as the standard in the oLH assay. Ovine LH was iodinated with lactoperoxidase 9 according to the method of Miyachi et al., (1972) and purified on Sephadex G-75 columns. The labeled hormones were stored at -20 C. The diluent used for the preparation of standards, unknowns and labeled hormones was 1% gelatin in .05 M sodium phosphate, .15 M NaC1 (PBS-buffer) and .1% sodium azide (pH 7.6). The diluent used for first antibodies contained 1% normal rabbit serum (NS), .05 M sodium phosphate, .05 M EDTA, .15 M NaCI and .1% sodium azide. The goat anti-rabbit gamma globulins were diluted with PBS buffer containing. 1% sodium azide (pH 7.6).
Cross-reaction of the ovine LH antiserum with ovine FSH (NIH-FSH-S12) 7, bovine TSH 1~ ovine GH (NIH-GH-Sll) 7, ovine PRL (NIH-P-S12) 7 and PMSG was <.01%, <1%, <.01%, <.01% and <.002%, respectively. Binding of oLHl2SI (40,000 dpm, 125/ICi//ag) was approximately 50% at a final antibody dilution of 1:900,000 9 Minimal sensitivity was .3 ng/ml with an EDs0 value of 9.6 ng/ml and a maximal displacement at 2,000 ng/ml.
Ovarian activity was assessed by determination of plasma progesterone in blood samples collected once or twice weekly. Blood samples x 0 Provided by Dr. J. Pierce, University of California, Los Angeles, CA 90024.
were collected from ewes in groups 1, 2 and 3, Exp. 1 and in groups 1, 3 and 4 Exp. 2 up to 50 d postpartum and from ewes in group 2, Exp. 2 up to 24 d postpartum. Plasma samples were assayed for progesterone by the competitive protein binding method described by Robertson and Sarda (1971) , with dog plasma corticosterone binding globulin used as the binding protein. The sensitivity of this assay is 9 1 ng progesterone.
Radioimmunoassay data were analyzed by a program based on Model II of Rodbard and Lewald (1970) .
Ovarian Activity and Uterine Involution.
Ewes of group 2, Exp. 2, were slaughtered 26 d postpartum and the reproductive tracts were removed to assess the extent of uterine involution and ovarian activity. The size of the uteri were noted and the uterine horns were slit lengthwise for examination of the uterine contents. The ovaries were sliced with a scalpel into 2-to 3-ram sections and the sections were examined visually for the number and size of antra/follicles and luteinized structures.
Results
Ovarian Activity of Ewes from Parturition to 50 Days Postpartum (Group 1, Exp. 1 and 2).
On the basis of plasma progesterone profiles, 44% of the ewes (three of eight and four of eight from Exp. 1 and 2, respectively) had shown evidence of luteal activity by 50 d postpartum. The mean interval from lambing to the first indication of a sustained increase in plasma progesterone levels was 39 d (range: 30 to 49 d).
Ovarian Response of Ewes to GnRH Treatment 10 Days Postpartum (Groups 2 and 3, Exp. I and 2). A single injection of 150 /ag
GnRH, im or iv, induced an increase in serum LH levels in all ewes monitored (figure 1). The serum LH levels rose within 15 rain after GnRH injection and peak levels were reached 90 to 120 min after injection. Thereafter, the LH levels declined gradually, reaching preinjection levels by 6 h after treatment. Although the overall patterns of response to im or iv injection of GnRH were similar, the mean peak levels of LH were higher in ewes in the iv-treated group. There was no increase in the plasma LH concentrations of ewes after the injection of saline alone (figure 1).
The mean plasma progesterone concentrations in saline and GnRH-treated ewes remained at basal levels during the 14 d after treatment (table 1) .
The ovaries of all 16 ewes slaughtered 16 d after GnRH treatment (group 2, Exp. 2) contained several follicles 1to 3 mm in diameter. The ovaries from 13 ewes contained one to three solid encapsulated structures, 3 to 4 mm in diameter and brownish-yellow in color, which resembled corpora lutea undergoing regression. The ovaries of five of these latter ewes also contained one to two encapsulated structures, 6 to 10 ram in diameter and reddishbrown in color, which resembled corpora lutea at earler stages of development.
Ovarian Response of Ewes to a 12-Day FGA-Sponge + PMSG Treatment 22 Days
Postpartum (Group 3, Exp. 1; Groups 3 and 4, Exp. 2) . Seven of the eight ewes in Group 3, Exp. 1, responded to the FGA-sponge treatment with plasma progesterone profiles which indicated that ovulation had occurred followed by normal luteal function. In this latter group the mean plasma progesterone concentrations 6, 12 and 18 d after sponge removal were 1.5 -+ .34, 4.93 -+ 1.35 and .37 + .04 ng/ml, respectively.
The mean plasma progesterone concentrations for ewes in groups 3 and 4, Exp. Uterine Involution. The uteri from 10 of 16 ewes examined at slaughter 26 d postpartum (group 2, Exp. 2) were symmetrical and clean and appeared to have undergone complete involution as judged by size, appearance and the absence of cellular debris and blood within the lumina. One or both of the uterine horns of the remaining six ewes were enlarged and inflamed and the lumina were filled with a black, tarry fluid. The results support a previous report that GnRH can be used to induce LH release in the early postpartum ewe (Foster and Crighton, 1974) . The patterns of LH release after a single im or iv injection of 150/~g GnRH were similar to those reported for seasonally anestrous ewes and ewes 16 d postpartum (Foster and Crighton, 1974) .
Examination of the ovaries of GnRH-treated ewes (group 2, Exp. 2) 16 d after treatment showed antral follicle development in the majority of the animals. The size and distribution of the follicles were similar to those observed in seasonally anestrous ewes (Hutchinson and Robertson, 1966; Smeaton and Robertson, 1971) and were indicative of a cyclic pattern of follicular growth and atresia. While it is difficult to determine that ovulation occurred after GnRH treatment, it is possible that the smaller, more uniform luteinized structures present on the ovaries of 13 of the 16 ewes could have been regressing corpora lutea formed as a result of the GnRH-induced LH release 9 Despite this uncertainty, the failure to detect an increase in plasma progesterone concentrations after GnRH treatment is consistent with previous findings that GnRH is incapable of inducing the formation of functional corpora lutea in anestrous ewes (Crighton et al., 1975; Haresign et al., 1975; Shareha et al., 1976) .
It is known that GnRH will induce the release of FSH as well as LH in the anestrous ewe (Crighton, 1972; Crighton and Foster, 1972; Reeves et al., 1972; Jonas et al., 1973; Symons et al., 1974) . Furthermore, administration of an exogenous LHqike stimulus will elicit an increase in circulating estradiol in the anestrous ewe that could subsequently trigger an LH surge and ovulation (Karsch et al., 1977) . These findings suggest that follicles receptive to such changes could develop to the preovulatory stage and subsequently ovulate 9 The findings also could explain the presence of luteal structures on the ovaries of five of the 16 ewes examined, which appeared to have been formed after those which formed as a result of the GnRH-induced LH release.
It is becoming evident that the development and maturation of ovarian follicles is intimately dependent on the sequential actions and interactions of pituitary and ovarian steroid hormones on follicular cell differentiation (Richards, 1980) . Thus, it is possible that follicles which respond to GnRH-induced LH release fail to differentiate into corpora lutea that produce progesterone because of a lack of suitable gonadotropin and steriod priming prior to their exposure to an acute surge of LH. This possibility is supported by experiments showing that PMSG pretreatment consistently produces functional corpora lutea in response to the GnRH-induced LH surge (Haresign and Lamming, 1978) . It is also possible that the lack of formation of functional corpora lutea after injection of GnRH is related to the paradoxical antifertility effects of GnRH and its agonists demonstrated in both animals and humans (Kledzik et al., 1978; Labrie et al., 1979) .
A twelve-day treatment with 40 mg FGAimpregnated intravaginal sponges plus PMSG beginning 22 d postpartum synchronized ovulation and development of apparently normal luteal function in 21 of 24 (88%) ewes. The plasma progesterone patterns and the mean levels of progesterone were similar to those observed during the estrous cycle of ewes by Sarda et al. (1973) using the same protein binding assay for determination of progesterone. Prior treatment of ewes with GnRH did not appear to influence their response to FGAsponge treatment. In contrast, cyclic ovarian activity was observed in only 44% control ewes (group 1, Expt. 1 and 2) and in no GnRHtreated ewes (group 2, Exp. 1) during the first 50 d postpartum, despite the fact that ewes were maintained under an artificial light regimen and lactation was suppressed by removal of lambs within 24 h after birth. These results indicate that if ewes are to be successfully rebred by 35 to 38 d postpartum, estrus and ovulation must be induced by the use of exogenous hormones.
One of the factors that may adversely affect the achievement of satisfactory fertility of ewes rebred 35 to 38 d postpartum is the stage of regression and receptivity of the uterus to the establishment of a further pregnancy. In a recent review, Van Niekerk (1979) has indicated that uterine mass and volume reach a constant level 24 to 28 d postpartum. Involution of the caruncles is essentially complete by 20 to 24 d postpartum, and 28 to 34 d elapse before the uterine epithelium is replaced on the caruncles, thus completing the involution process. If this is the case, then it is reasonable to assume that nidation can occur 35 to 40 d postpartum. In the present study, one or both of the uteri from six of the 16 ewes examined 26 d postpartum were inflamed and enlarged and postpartum autolysis was incomplete. These results cast some doubt on the time taken for uterine involution and suggest that nidation could be adversely affected in ewes rebred 35 to 40 d postpartum. There are also indications that progestogen treatment during the early postpartum period may retard postpartum uterine involution. Foote and Call (1969) found that on d 10, 17 and 24 postpartum the quantity; of debris in the uterine lumen was greater in progestogen-treated and lactating ewes than in nonlactating ewes.
Although the present study indicates that GnRH, at the dose used, is incapable of inducing cyclic ovarian activity in the early postpartum ewe, the results obtained with the FGA-sponge plus PMSG treatment are encouraging. Attempts to implement exactly twicea-year lambing on a flock basis by exogenous hormone treatment, have met with varying degrees of success (Speedy et al., 1976; Thimonier and Cognie, 1977) , a fact which is probably related to the multiplicity of factors that can affect the early rebreeding of ewes (Hunter 1968a,b; Van Niekerk, 1979 ). More information is needed to establish whether there is a biological limitation on the part of the ewe to sustain a high level of lamb production when subjected to twice-yearly lambing.
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